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Abstract 
Aim: The aim of the present study was to evaluate the role of Chest Radiography for 
evaluation and Severity Scoring in COVID-19 Pneumonia. 
Methods: The present study was conducted at the Department of Radio-diagnosis, Lord 
Buddha Koshi Medical College and Hospital, Saharsa, Bihar, India, for 10 months, and 500 
patients were included in the study. The study was approved by the review board of the 
institutions, and the requirement for informed consent was waived since the study had no risk 
and would not adversely affect the subjects' rights or welfare. 
Results: 500 patients were retrospectively enrolled in our study. There was male 
predominance (60% men and 40% women). History of contact with positive patients could be 
traced in 50% of patients. 40% of patients in our study were clinically asymptomatic. 
Amongst the symptomatic group, the most common symptoms at onset were fever, cough 
and dyspnoea, seen in 165, 150 and 130 patients, respectively. Other less common symptoms 
included sore throat (4%), chest discomfort (1.8%), diarrhea (1.2%), hemoptysis (0.2%) and 
miscellaneous manifestations (10%). The most common comorbidity seen amongst patients 
was hypertension (25%), followed by diabetes mellitus (15%), chronic renal disease (3%), 
COPD (1.6%) and chronic liver disease (1%). 200 patients with alveolar opacities, 100 with 
consolidation and 50 patients with consolidations and alveolar opacities co-existent in the 
same radiograph were found. We also found nonspecific signs of COVID-19 pneumonia as 
pleural effusion, nodules and pneumothorax. 
Conclusion: The features of coronavirus disease 2019 (COVID-19) on chest radiographs and 
proposed a severity scoring for rapid triage of patients to aid in appropriate management. As 
the COVID-19 pandemic threatens to overwhelm healthcare systems worldwide, highlighting 
the usefulness of a simple radiograph as a tool for identifying and stratifying cases of 
COVID-19 is justified. Determination of radiological severity can aid in effective patient 
categorization and enforcement of appropriate clinical management. 
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Introduction 

Coronavirus disease 2019 (COVID-19) is 
an infectious disease caused by a novel 
strain of severe acute respiratory syndrome 

coronavirus-2 (SARS-COV-2). [1,2] The 
first human cases were reported in a 
cluster of patients in Wuhan, Hubei 
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province of China. [3–5] Due to a higher 
viral reproduction number, infectious rate 
and mutant nature of the viral strains, the 
disease transmitted rapidly out of China. 
The World health organization (WHO) had 
to eventually declare this a global 
pandemic. [2,6,7] Accurate stratification of 
disease severity at the time of disease 
presentation by clinical assessment and 
with chest radiograph is paramount in 
accurate allocation of resources necessary 
for patient care. A chest radiograph is 
routinely performed in the emergency 
department (ED) for patients presenting 
with symptoms of upper or lower 
respiratory tract infection. A recent 
Cochrane meta-analysis concluded that 
chest radiograph is moderately sensitive 
and moderately specific for the diagnosis 
of COVID-19. [8,9] 
Pulmonary parenchymal disease severity is 
considered as a potential risk factor 
associated with fatal outcomes; physicians 
should be aware of this so as to improve 
the risk stratification and adjust the level 
of care for high-risk patients. [10,11] 
Several studies examined the sensitivity 
and specificity of CT as a semi-
quantitative method to assess the severity 
of COVID-19 infection in the initial chest 
CT by implementing the CT severity 
scoring system, and the results were very 
reliable. [12] Furthermore, serial chest CT 
imaging with different time intervals (3-7 
days) has been reported as a helpful tool in 
assessing the disease progression from the 
time of initial diagnosis till the patient’s 
discharge. [13] Nevertheless, the 
dependence on CT as the only reliable 
radiological method to assess the severity 
of lung involvement is difficult to sustain 
over time and creates a great burden on 
radiology departments. [14]  
Chest radiographs could serve as a 
substitute for CT examinations in terms of 
assessment of parenchymal disease 
severity, especially in monitoring the rapid 
progression of lung abnormalities in 
COVID-19. Some radiographic scoring 

systems have been tried to reduce the 
burden on the CT chest as a semi-
quantitative method for assessment of the 
severity of COVID-19 infection, but none 
of them were properly correlated with 
clinical severity and CT severity scores. 
One of the experimental chest X-ray 
scoring systems (named Brixia score) was 
designed by Borghesi and Maroldi15 for 
hospitalized patients with SARS-CoV-2 
infection in Italy and was assessed on 100 
hospitalized patients for whom the final 
outcome (recovery or death) was available. 
The results were very promising and led to 
consideration of this chest X-ray scoring 
system (CX-SS) as a useful parameter for 
predicting mortality in hospitalized 
patients with SARS-CoV-2 infection. 
The aim of the present study was to 
evaluate the role of Chest Radiography for 
evaluation and Severity Scoring in 
COVID-19 Pneumonia. 

Materials and Methods 
The present study was conducted at the 
Department of Radio-diagnosis ,Lord 
Buddha Koshi Medical College and 
Hospital, Saharsa, Bihar, India, for 10 
months, and 500 patients were included in 
the study. The study was approved by the 
review board of the institutions, and the 
requirement for informed consent was 
waived since the study had no risk and 
would not adversely affect the subjects' 
rights or welfare. Patient selection for this 
study was consecutive, and no exclusion 
criteria were applied. 
Selection and description of 
participants: 
Chest radiographs of patients with clinical-
epidemiological suspicion of COVID-19 
infection were performed at the ED and 
were retrospectively reviewed. RT-PCR 
nasopharyngeal-throat swabs and chest 
radiographs were performed immediately 
at the ED access, and clinical-
epidemiological data was recorded for 
COVID-19 infection (fever, cough, 
dyspnea, respiratory impairment, diarrhea, 
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myalgia and dysgeusia). RT-PCR results 
were considered the reference standard. 
For radiological assessment, we selected 
only patients with RT-PCR positive 
results. The outcome was expressed in 
terms of the correlation between 
radiological severity and disease 
symptomatology. [15] 

Technical information: 
All chest radiographs were acquired as 
digital radiographs with the portable X-ray 
unit in the isolation wards in the 
posteroanterior or anteroposterior 
projection. All images were stored in a 
data portal, HMIS (Health Management 
Information System). [16] A retrospective 
review of each radiograph was performed 
to define the predominant pattern of 
COVID-19 pneumonia presentation in 
patients with a positive RT-PCR. 
Radiographic features, including 
consolidation, alveolar opacities, 
pulmonary nodules and diffuse radio-
opacities, were diagnosed according to the 
Fleischer Society glossary of terms. [17] 
Moreover, chest radiographs were assessed 
for the presence of a specific distribution 
of the disease (mostly peripheral or peri 
hilar predominance), mono-lateral (right or 
left lung) or bilateral disease or diffuse 
predominance. All thoracic images were 
also assessed for evidence of other 
associated pulmonary pathology (pleural 
effusion, pneumothorax). 

Radiograph scoring: 
The Radiographic Assessment of Lung 

Edema score (RALE score) was initially 
proposed by Warren et al. The radiograph 

was divided into four quadrants. Each 
quadrant was assigned a consolidation 
score (0 to 4) to quantify the extent of 
alveolar opacities and a density score (1 to 
3) for more quantitative assessment of the 
density of opacification by quadrant. The 
final RALE score was the product of the 
consolidation and density score for each 
quadrant ranging from 0 (no infiltrates) to 
48 (dense consolidation in >75% of each 
quadrant). [18] 
In our study, a simplified and modified 
RALE score of 0-4 was assigned to each 
lung depending on the extent of 
involvement by consolidation or alveolar 
opacities (0, no involvement; 1, <25% 
involvement; 2, 25%-50% involvement; 3, 
50%-75% involvement; 4, >75% 
involvement).The scores for each lung 
were summed to produce the final severity 
score from 0 to 8. [19] 
Statistics: 
Collected data were entered into Microsoft 
Excel software and coded. Charts and 
tables were prepared using Microsoft 
Word and Excel software. Descriptive data 
was presented in frequency and 
percentage. 
The correlation between the modified 
RALE score and the presence of 
symptomatic disease was performed by 
Chi2 test. P value < 0.05 was considered 
statistically significant, and statistical 
software STATA version 14.2 was used 
for data analysis. 
Results

 
Table 1: Demographic characteristics 

Variables N% 
Age groups in years 
0-20 35 (7) 
21-40 165 (35) 
41-60 190 (38) 
61-80 100 (20) 
>80 10 (2) 
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Gender 
Male 300 (60) 
Female 200 (40) 
Asymptomatic 200 (40) 
Symptomatic 275 (55) 
History of contact 250 (50) 
Symptoms 
Fever 165 (35) 
Cough 150 (30) 
Dyspnoea 130 (26) 
Sore throat 20 (4) 
Chest discomfort 9 (1.8) 
Diarrhea 6 (1.2) 
Haemoptysis 1 (0.2) 
Others 50 (10) 
Co-morbidities 
Hypertension 125 (25) 
DM 75 (15) 
Chronic renal disease 15 (3) 
COPD 8 (1.6) 
Chronic liver disease 5 (1) 

 
500 patients were retrospectively enrolled 
in our study. There was male 
predominance (60% men and 40% 
women). History of contact with positive 
patients could be traced in 50% of patients. 
40% of patients in our study were 
clinically asymptomatic. Amongst the 
symptomatic group, the most common 
symptoms at onset were fever, cough and 
dyspnoea, seen in 165, 150 and 130 

patients, respectively. Other less common 
symptoms included sore throat (4%), chest 
discomfort (1.8%), diarrhea (1.2%), 
hemoptysis (0.2%) and miscellaneous 
manifestations (10%). The most common 
comorbidity seen amongst patients was 
hypertension (25%), followed by diabetes 
mellitus (15%), chronic renal disease 
(3%), COPD (1.6%) and chronic liver 
disease (1%). 

 
Table 2: Image characteristics of SARS-CoV 2+ pneumonia on chest radiograph 
Chest X-ray features N % 
Main pattern 
Alveolar opacity 200 40 
Consolidation 100 20 
Alveolar opacity+ Consolidation 50 10 
Diffuse GGO 35 7 
Related Features 
Pleural effusion 15 3 
Nodules 10 2 
Pneumothorax 1 0.2 
Subcutaneous emphysema 1 0.2 
Others 8 1.6 

 
200 patients with alveolar opacities, 100 with consolidation and 50 patients with 
consolidations and alveolar opacities co-existent in the same radiograph were found. We also 
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found nonspecific signs of COVID-19 pneumonia as pleural effusion, nodules and 
pneumothorax. 
 

Table 3: Geographical distribution of chest X-ray changes and RALE scores 
Categories N % 
Frequency of lung involvement 
Unilateral 75 15 
Bilateral 200 40 
Right lung 20 4 
Left lung 40 8 
No. of zones affected 
0 225 45 
1 35 7 
2 100 20 
3 10 5 
4 75 15 
5 10 2 
6 30 6 
Distribution 
Peripheral 110 22 
Perihilar 10 2 
Both 100 20 
RALE Scores 
0-2 350 70 
3-4 100 20 
5-6 30 6 
6-8 20 4 

 
The unilateral disease showed left lung 
involvement more frequently in our study 
as compared to the right lung. 2 zone 
involvements were most commonly 
observed, followed by four-zone 
involvement. 

Discussion 
Radiological evaluation of patients with 
clinical-epidemiological suspicion of 
COVID-19 is indispensable, especially in 
the Emergency Department (ED) while 
waiting for RT-PCR results, to have a 
rapid evaluation of thoracic involvement. 
The recent COVID-19 radiological 
literature focuses primarily on Computed 
Tomography (CT), which is more sensitive 
and specific than chest radiograph. In 
particular, in China, CT was used as a 
first-line diagnostic method for COVID-
19. [20] Among the various methods that 

exist for assessing the severity of 
pneumonia in COVID-19, the chest 
radiograph severity score is considered 
simple and reliable. In their original study, 
the authors only validated the use of chest 
radiograph severity scores in a younger 
population of adults <50 years of age. [21] 
Although COVID-19 has a high incidence 
of morbidity and mortality in older 
patients, it was unclear if an older age 
group would affect the severity score in 
predicting hypoxemia, requirement for 
intensive care unit (ICU) admission or 
mechanical ventilation. In this scenario, it 
is important to assess the diagnostic and 
prognostic reproducibility of admission 
chest radiograph severity score in all adult 
patients presenting to the ED. 
500 patients were retrospectively enrolled 
in our study. There was male 
predominance (60% men and 40% 
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women). History of contact with positive 
patients could be traced in 50% of patients. 
40% of patients in our study were 
clinically asymptomatic. Amongst the 
symptomatic group, the most common 
symptoms at onset were fever, cough and 
dyspnoea, seen in 165, 150 and 130 
patients, respectively. Other less common 
symptoms included sore throat (4%), chest 
discomfort (1.8%), diarrhea (1.2%), 
hemoptysis (0.2%) and miscellaneous 
manifestations (10%). Chest radiography 
is widely utilized as a screening tool for 
detecting COVID-19 infection. However, 
its prognostic utility has not been validated 
in patients with COVID-19. The 
profitability of RALE scoring to aid in 
clinical management has been 
demonstrated by several other studies 
conducted by Cozzi D et al. Fabio Ciceri et 
al. Terrance C. et al etc. [22-24] It is thus 
recommended to expand the use of 
radiographs beyond its present 
applications, especially in resource-limited 
regions. 
In our study, despite adjusting for age, the 
performance of chest radiograph severity 
scores remained associated with primary 
outcome. Furthermore, many studies have 
assessed the extent and severity of lung 
involvement at initial disease presentation 
for predicting outcome. A study by 
Kaleemi et al. used a chest X-ray severity 
score that was modified from the RALE 
score and found that increased initial chest 
Xray severity score was associated with 
ICU admission and mortality, [25] similar 
observation was made by Sasaki et al. that 
the severity of initial chest radiograph 
pneumonia is associated with disease 
severity. [26] 

The most common comorbidity seen 
amongst patients was hypertension (25%), 
followed by diabetes mellitus (15%), 
chronic renal disease (3%), COPD (1.6%) 
and chronic liver disease (1%). The 
presence of underlying comorbidities can 
be reasonably suggested as drivers for 
worse outcomes. The study from the 

Centers for Disease Control and 
Prevention's analysis of adults <49 years 
of age demonstrated that underlying co-
morbidities like hypertension, diabetes, 
obesity, asthma and immunosuppressive 
disease are precursors for worse outcomes 
in COVID-19. In our study, although 
hypertension was the most common 
comorbidity, there was no significant 
difference in the primary outcome, and our 
finding was somewhat incongruent with 
other reports that noted hypertension is 
associated with a worse prognosis in 
COVID-19. [27,28] 

Conclusion 
The features of coronavirus disease 2019 
(COVID-19) on chest radiographs and 
proposed a severity scoring for rapid triage 
of patients to aid in appropriate 
management. As the COVID-19 pandemic 
threatens to overwhelm healthcare systems 
worldwide, highlighting the usefulness of 
a simple radiograph as a tool for 
identifying and stratifying cases of 
COVID-19 is justified. Determination of 
radiological severity can aid in effective 
patient categorization and enforcement of 
appropriate clinical management. 
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